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(54) PROCESS FOR PRODUCING BISPHENOL A 

(57) The present invention provides a process for 
producing bisphenot A which is capable of prolonging 
the life of an acid-type ion exchange resin partially mod- 
ified with a sulfur-containing amine compound as cata- 
lyst, and increasing the yield of bisphenol A per unit 
quantity of the catalyst. There is disclosed a process for 
producing bisphenol A by reacting acetone with phenol 
in the presence of an acid-type ion exchange resin par- 
tially modified with a sulfur-containing amine compound 
as catalyst and aikylmercaptan as co-catalyst, said 



process compnsmg: 

conducting said reaction using a multi-stage reac- 
tion apparatus comprising at least two individual re- 
t actors connected in series to each other, wherein 
the molar ratio of total aikylmercaptan to total ace- 
tone and the molar ratio of total acetone to phenol 
are increased as the conversion rate of the phenol 
is decreased. 
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Description 

FIELO OF THE INVENTION 

[0001] The present invention relates to a process for s 
producing bisphenol A at a high yield per unit quantity 
of catalyst wherein an acid-type ion exchange resin as 
the catalyst which is partially modified with a sulfur-con- 
taining amine compound, exhibits a prolonged life. The 
thus produced bisphenol A is useful as raw materials of 
polycarbonate resins, epoxy resins, polyarylate resins 
and the tike. 

BACKGROUND ARTS 

[0002] As well known in the arts, bisphenol A [2,2-bis 
(4-hydroxyphenyl) propane] is an important compound 
useful as raw materials of engineering plastics such as 
polycarbonate resins and polyarylate resins, or epoxy 
resins. Recently, the demand for the above compound 
tends to be more and more increased. 
[0003] It is also known that bisphenol A is produced 
by reacting phenol with acetone in the presence of an 
acid-type ion exchange resin (acidic cation exchange 
resin) partially modified with a sulfur-containing amine 
compound as a catalyst together with alkylmercaptan 
as a co-catalyst (refer to Japanese Patent Laid-open 
No. 8-325185). However, the addition of alkylmercaptan 
solely fails to sufficiently prolong the life of the catalyst, 
and sufficiently increase a yield of bisphenol A per unit 
quantity of the catalyst. Also, there is known such a 
method in which the catalyst, when deteriorated in its 
catalytic activity, is regenerated by washing it with phe- 
nol or acidic solvents. However, the latter method suf- 
fers from problems such as low yield of the aimed prod- 
uct and complicated treatment of the waste solvents 
used for washing. Therefore, it has been required to de- 
velop a novel process for producing bisphenol A which 
is capable of not only prolonging the life of an acid-type 
ion exchange resin partially modified with a sulfur-con- 
taining amine compound as catalyst, but also increasing 
the yield of bisphenol A per unit quantity of the catalyst. 

DISCLOSURE OF THE INVENTION 

[0004] The present invention has been made in view 
of the above problems. An object of the present inven- 
tion is to provide a process for producing bisphenol A 
which is capable of prolonging the life of an acid-type 
ion exchange resin partially modified with a sulfur-con- 
taining amine compound as catalyst, and increasing the 
yield of bisphenol A per unit quantity of the catalyst. 
[0005] As a result of extensive studies, the inventors 
have found that the above object of the present inven- 
tion is achieved by using a multi-stage reaction appara- 
tus comprising at least two individual reactors connect- 
ed in series to each other, and by increasing the molar 
ratio of total alkylmercaptan to total acetone and the mo- 
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lar ratio of total acetone to phenol as the conversion rate 
of phenol is decreased. The present invention has been 
accomplished based on this finding. 
[0006] Thus, the present invention provides the fol- 
lowing aspects: 

(1 ) A process for producing bisphenol A by reacting 
acetone with phenol in the presence of an acid-type 
ion exchange resin partially modified with a sulfur- 
containing amine compound as catalyst together 
with alkylmercaptan as co-catalyst, said process 
comprising: 

conducting said reaction using a multi-stage re- 
action apparatus comprising at least two indi- 
vidual reactors connected in series to each oth- 
er, In such a manner that the molar ratio of total 
alkylmercaptan to total acetone and the molar 
ratio of total acetone to phenol are increased 
as the conversion rate of the phenol is de- 
creased; 

(2) the process according to the above aspect (t) 
wherein whole amount of the phenol is fed into a 
first-stage reactor of said multi-stage reaction ap- 
paratus, and the acetone is fed in separate parts 
into the respective reactors of said multi-stage re- 
action apparatus; 

(3) the process according to the above aspect (1) 
or (2) wherein the molar ratio of total acetone to phe- 
nol at an initial stage of the reaction is in the range 
of 1/9 to 1/11; 

(4) the process according to any one of the above 
aspects (1) to (3) wherein the molar ratio of total 
alkyl mercaptan to total acetone and the molar ratio 
of total acetone to phenol are increased when the 
phenol conversion rate measured at an outlet of the 
last stage reactor of said multi-stage reaction appa- 
ratus is decreased to 90 to 99% of the initial phenol 
conversion rate; 

(5) the process according to any one of the above 
aspects (1) to (4) wherein the molar ratio of total 
alkylmercaptan to total acetone is increased so as 
not to exceed 1/20; 

(6) the process according to any one of the above 
aspects (1) to (5) wherein the molar ratio of total 
acetone to phenol is increased so as not to exceed 

1/3; 

(7) the process according to any one of the above 
aspects (1) to (6) wherein said sulfur-containing 
amine compound is selected from the group con- 
sisting of mercaptoalkyl amines and thiazolidines; 

(8) the process according to any one of the above 
aspects (1) to (7) wherein said acid-type ion ex- 
change resin is a sulfonic acid-type cation ex- 
change resin; 

(9) the process according to any one of the above 
aspects (1) to (8) wherein said alkylmercaptan is 
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ethylmercaptan; and 

(1 0) the process according to any one of the above 
aspects (1 ) to (9) wherein the reaction is conducted 
at a temperature of 60 to 100*C. 

DESCRIPTION OF THE PREFERRED - 
EMBODIMENTS 

[0007] The present invention will be described in de- 
tail below. 

[0008] First, the respective steps of the process for 
the production of bisphenol A are described. 

Step (1): Reaction step 

[0009] Bisphenol A is produced by reacting acetone 
with an excess amount of phenol in the presence of an 
acid-type ion exchange resin as catalyst and alkyl mer- 
captan as co-catalyst. As the suitable acid-type ion ex- 
change resins as catalyst, there may be generally used 
sulfonic acid-type cation exchange resins. Examples of 
such acid-type ion exchange resin include sulfonated 
styrene-divinyl benzene copolymers, sulfonated cross- 
linked styrene polymers, phenol formaldehyde-sulfonic 
acid resins, benzene formaldehyde-sulfonic acid resins 
orthe like. These acid-type ion exchange resins may be 
used alone or in the form of a mixture of any two or more 
thereof. 

[0010] As the sulfur-containing amine compounds 
used to partially modify the acid-type ion exchange res- 
in, there may be used mercaptoalkyl amines such as 
2-mercaptoethyl amine and 3-mercaptobuty! amine; thi- 
azolidines such as 2,2-dimethyl thiazolidine, 2-methyl- 
2-ethyl thiazolidine, cycloalkyl thiazolidines, 2-methyl- 

2- phenyl thiazolidine and 3-methyl thiazolidine; ami- 
nothiophenols such as 1 ,4-aminothiophenol; mercap- 
toalkyl pyridines such as 3-mercaptomethyl pyridine, 

3- mercaptoethyl pyridine and 4-mercaptoethyl pyridine; 
and the like. Among these sulfur-containing amine com- 
pounds, mercaptoalkyl amines and thiazoiidines are 
preferred. The amount of the sulfur-containing amine 
compound used for modifying the acid-type ion ex- 
change resin is preferably 2 to 50 moi%, more preferably 
5 to 30 moi% based on a sulfonic group contained in the 
acid-type ion exchange resin. 

[001 1] The acid-type Ion exchange resin may be mod- 
ified by reacting the resin with the sulfur-containing 
amine compound in water or an organic solvent. As the 
organic solvents, there may be used phenol, acetone, 
methanol or the like. The modification reaction is pref- 
erably conducted in water. The reaction may also be 
conducted at ordinary temperature or under heated con- 
dition. It is not required to conduct the reaction for a too 
long period of time, and the modification of the acid-type 
ion exchange resin is sufficiently completed by conduct- 
ing the above reaction for several tens minutes. The re- 
action mixture is preferably stirred for uniform reaction 
thereof. 



[0012] The suitable alkylmercaptans used as co-cat- 
alyst are such mercaptans having a C r C 10 alkyl group. 
Examples of the alkylmercaptans include methylmer- 
captan, ethylmercaptan, propylmercaptan, octylmer- 
5 captan, cyclohexylmercaptan or the like. Among these 
alkylmercaptans, ethylmercaptan is especially pre- 
ferred. Meanwhile, these alkylmercaptans may be used 
alone or in the form of a mixture of any two or more there- 
of. 

10 [0013] The resultant reaction mixture contains, in ad- 
dition to bisphenol A, unreacted phenol, unreacted ac- 
etone, by-produced water, alkylmercaptan, and other 
by-products such as organic sulfur compounds and 
colored substances. 

15 

Step (2): Recovery of by-produced water and unreacted 
raw materials 

[0014] Then, the reaction mixture obtained in the step 
20 (1) js distilled under reduced pressure to remove unre- 
acted acetone, by-produced water, alkylmercaptan, 
etc., from a top of distillation column and obtain a liquid 
mixture containing bisphenol A, phenol, etc., from the 
bottom thereof. The reduced-pressure distillation may 
25 be conducted at a temperature of 70 to 180*C under a 
pressure of 6.7 to 80.0 kPa. Upon such a distillation, the 
unreacted phenol is subjected to azeotropy, and re- 
moved out of the reaction system from the top of the 
distillation column. 

30 

Step (3): Concentration of bisphenol A 

% [001 5] The bottoms obtained by distilling off the above 
substances from the reaction mixture, is further distilled 

35 under reduced pressure to remove unreacted phenol 
therefrom and concentrate bisphenol A contained there- 
in. The thus obtained concentrated residual solution is 
used as raw material of the subsequent crystallization 
step. The concentration conditions are not particularly 

40 restricted, but the concentration step may be usually 
conducted at a temperature of 100 to 170°C under a 
pressure of 5.3 to 66.7 kPa. When the temperature is 
less than 1 00°C, it is necessary to keep the reaction sys- 
tem under high vacuum condition. On the contrary, 

is when the temperature is more than 1 7Q*C, an additional 
heat-removal step is required upon conducting the sub- 
sequent crystallization step. The concentration of bi- 
sphenol A contained in the concentrated residual solu- 
tion is in the range of 20 to 50% by weight, preferably 

so 20 to 40% by weight. When the concentration of bisphe- 
nol A contained in the concentrated residual solution is 
less than 20% by weight, the recovery percentage of bi- 
sphenol A becomes lowered. On the contrary, when the 
concentration of bisphenol A in the residual solution is 

55 more than 50% by weight, it is difficult to transport a slur- 
ry obtained after the crystallization step. 
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Step (4): Crystallization 

[001 6] The concentrated residual solution obtained in 
the step (3) is cooled to 40 to 70° C to crystallize an ad- 
duct of bisphenol A and phenol (hereinafter referred to s 
merely as "phenol adduct"). thereby obtaining a slurry. 
The cooling is conducted due to heat removal caused 
by evaporating water added to external heat exchanger 
orcrystallizer. Next, the slurry-like concentrated residu- 
al solution is subjected to filtration, centrifugal separa- '0 
tion, etc., and separated into the phenol adduct and a v 
crystallization mother liquor containing the by-products. 
The obtained crystallization mother liquor may be wholly 
or partially recycled to the mufti-stage reaction appara- 
tus, or recovered as phenol or isopropenyl phenol by 1 $ 
subjecting whole or part thereof to alkali decomposition. 
Alternatively, whole or pan: of the crystallization mother 
liquor may be isomerized and recycled as raw material 
to the crystallization step (refer to Japanese Patent Laid- 
open No. 6-321834). 20 

Step (5): Heat-melting of phenol adduct 

[0017] The 1 :1 adduct of bisphenol A and phenol ob- 
tained in the step (4) in the form of crystals, is heat-melt- 25 
ed at a temperature of 100 to 160°C to obtain a liquid 
mixture. 

Step (6): Recovery of bisphenol A 

[0018] The liquid mixture obtained in the step (5) is 
distilled under reduced pressure to remove phenol and 
recover bisphenol A therefrom. The reduced-pressure 
distillation is conducted at a temperature of 150 to 
190°C under a pressure of 1 .3 to 13.3 kPa. In addition, & 
the removal of residual phenol may be conducted by 
known methods such as steam-stripping. 

Step (7): Granulation of bisphenol A 

40 

[0019] The molten bisphenol A obtained in the step 
(6) is formed into droplets using a granulating apparatus 
such as spray dryer, and cooled and solidified to obtain 
an aimed product. The droplets are produced by spray- 
ing, spreading or the like method, and then cooled with <s 
nitrogen, air or the like. 

[0020] Next, the process of the present invenUon will 
be described in detail below. 

[0021 ] In the process of the present invention, a multi- 
stage reaction apparatus comprising at least two indi- so 
vidual reactors connected in series to each other is used 
in the step (1), and the molar ratio of total aJkylmer- 
captan to total acetone and the molar ratio of total ace- 
tone to phenol are increased as the conversion rate of 
the phenol is decreased. The two molar ratios may be 55 
increased continuously or stepwise. 
[0022] As the reaction apparatus, there is used a mul- 
ti-stage reaction apparatus which comprises at least two 
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individual or discrete reactors connected in series to 
each other. The production of bisphenol A is conducted 
by exothermic reaction. Therefore, when a single reac- 
tor is used, the reactor is required to have a complicated 
structure for removing the heat of reaction. If no means 
for heat removal is provided in the reactor, there arises 
such an inconvenience that temperature rise as high as 
about 10 to 20°C is caused, so that the temperature of 
the reactor far exceeds the temperature suitable for us- 
ing the ion exchange resin therein, or the temperature 
range of 55 to 95°C in which bisphenol A is appropriately 
produced. 

[0023] Upon operation of the above multi-stage reac- 
tion apparatus, In view of the life of the catalyst used 
therein, it is preferred that whole amount of the phenol 
is charged into the first reactor thereof, and the acetone 
is charged in separate parts into the respective reactors 
thereof. Meanwhile, the aikylmercaptan may be wholly 
charged into the first reactor, or may be charged in sep- 
arated parts into the respective reactors. 
[0024] The reaction temperature in the respective re- 
actors of the multi-stage reaction apparatus is prefera- 
bly in the range of 60 to 1 00°C. When the reaction tem- 
perature is too low, the phenol phase tends to be solid- 
ified. On the contrary, when the reaction temperature is 
too high, the ion exchange resin tends to be considera- 
bly deteriorated. The reaction temperature is more pref- 
erably in the range of 65 to 95°C. 
[0025] At an initial stage of the reaction, the molar ra- 
tio of total acetone to phenol is preferably in the range 
of 1/9 to 1/11 . When the molar ratio of total acetone to 
phenol is more than 1/9, undesirable side reactions be- 
tween acetone and phenol tend to occur. On the contra- 
ry, when the molar ratio of total acetone to phenol is less 
than 1/1 1 , the conversion rate based on phenol tends to 
be towered, resulting in increased amount of phenol re- 
covered and low yield of the aimed bisphenol A. 
[0026] In th e present invention, it is required that when 
the phenol conversion rate measured at an outlet of the 
last stage reactor of the multi-stage reaction apparatus 
is decreased to 90to 99% of the initial conversion rate, 
the molar ratio of total aikylmercaptan to total acetone 
and the molar ratio of total acetone to phenol are in- 
creased. In this case, the molar ratio of total aikylmer- 
captan to total acetone is Increased so as not to exceed 
1/20, and the molar ratio of total acetone to phenol Is 
increased so as not to exceed 1/3. When each of the 
molar ratios exceeds the above-specified limit, undesir- 
able side reactions tend to frequently occur. 
[0027] Meanwhile, the aikylmercaptan may be added 
at an initial stage of the reaction or at the time at which 
the phenol conversion rate begins to be decreased. 
[0028] In the present invention, the reaction is contin- 
ued until the molar ratio of total aikylmercaptan to total 
acetone reaches 1/20, or the molar ratio of total acetone 
to phenol reaches 1/3. Upon reaching either one of the 
molar ratios, the catalyst is replaced with new one. 
[0029] The present invention will be described more 
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specifically by reference to the following examples. 
However, these examples are only illustrative and not 
intended to limit the present invention thereto. 

EXAMPLE 1 5 

[0030] Two packed bed-type reactors each having an 
inner diameter of 1 3 mm and a height of 561 mm, were 
respectively filled with a sulfonic acid-type cation ex- 
change resin 20% of which was modified with 2-mercap- 10 
toethyl amine (74.4 ml in phenol-wetted state; "DIAION 
SK-104H" available from Mitsubishi Chemical Corp.) 
and connected in series to each other. 
[0031] Phenol was passed through the first-stage re- 
actor at a feed rate of 4.68 moles per hour, and acetone 15 
was passed through both the first- and second-stage re- 
actors at a feed rate of 0.234 mole per hour (molar ratio 
of acetone lo phenol: 1/20; molar ratio of total acetone 
to phenol: 1/10). The reaction was conducted in the re- 
actors while maintaining the reaction temperature there- 20 
of at 75° C. The resultant reaction mixture was periodi- 
cally analyzed with time to determine a phenol conver- 
sion rate. 

[0032] As a result, it was confirmed that at the begin- 
ning of the reaction, the phenol conversion rates of the 25 
first- and second-stage reactors were 6.0% and 1 0.6%, 
respectively. 

(1) After 600 hours : the phenol conversion rates of 

the first- and second-stage reactors were de- 30 
creased to 4.8% and 9.7%, respectively. At this 
time, ethylmercaptan-containing acetone was sup- 
plied instead of acetone at the following molar ratio 4 
to the first- and second-stage reactors, and further 
the molar ratio of acetone to phenol was increased 35 
as follows. 

Molar ratio of ethylmercaptan to acetone: 
1/1 ,000 

Molar ratio of acetone to phenol: 1 .05/20 (Mo- 
lar ratio of total acetone to phenol: 1 .05/1 0) *o 

Afterthe reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 5.9% and 10.7%, respec- 
tively. 45 

(2) After 1 ,300 hours, the phenol conversion rates 
of the first- and second-stage reactors were de- 
creased to 4.6% and 9.3%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- so 
and second-stage reactors were respectively in- 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 

1/800 

Molar ratio of acetone to phenol: 1 .11/20 (Mo- ss 
lar ratio of total acetone to phenol: 1 .11/10) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenoJ 



conversion rates of the first- and second-stage re- 
actors were increased to 6.1% and 10.6%, respec- 
tively. 

(3) After 2,000 hours, the phenol conversion rates 
of the first- and second-stage reactors were de- 
creased to 4.3% and 9.1%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the f irst- 
and second-stage reactors were respectively in- 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 

1/600 

Molar ratio of acetone to phenol: 1.18/20 (Mo- 
lar ratio of total acetone to phenol: 1 .1 8/1 0) 

Afterthe reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were Increased to 6.0% and 10.8%, respec- 
tively. 

(4) After 2,800 hours, the phenol conversion rates 
of the first- and second-stage reactors were de- 
creased to 4.2% and 9.3%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- 
and second-stage reactors were respectively in- 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 

1/400 

Molar ratio of acetone to phenol: 1 .25/20 (Mo- 
lar ratio of total acetone to phenol: 1 .25/1 0) 

Afterthe reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 5.8% and 10.7%, respec- 
tively. 

(5) After 3,600 hours, the phenol conversion rates 
of the first- and second-stage reactors were de- 
creased to 4.5% and 9.4%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- 
and second-stage reactors were respectively in- 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 

1/200 

Molar ratio of acetone to phenol: 1 .31/20 (Mo- 
lar ratio of total acetone to phenol: 1 .31/1 0) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 6.2% and 10.8%, respec- 
tively. 

(6) After 4,800 hours, the phenol conversion rates 
of the first- and second-stage reactors were de- 
creased to 4.1% and 9.2%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- 
and second-stage reactors were respectively in- 
creased as follows. 
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Molar ratio of ethylmercaptan to acetone: 

1/100 

Molar ratio of acetone to phenol: 1 .39/20 (Mo- 
lar ratio of total acetone to phenol: 1 .39/10) 

After the reaction conditions were changed as 5 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 6.0% and 1 0.6%, respec- 
tively. 

(7) After 5,700 hours, the phenol conversion rates io 
of the first- and second-stage reactors were de* 
creased to 3.9% and 9.0%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- 
and second-stage reactors were respectively in- 15 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 1/70 
Molar ratio of acetone to phenol: 1 .47/20 (Mo- 
lar ratio of total acetone to phenol: 1 .47/1 0) 

After the reaction conditions were changed as 20 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 5.8% and 1 0.4%, respec- 
tively. 

(8) After 6,800 hours, the phenol conversion rates 25 
of the first- and second-stage reactors were de- 
creased to 3.8% and 8.8%, respectively. At this 
time, the molar ratio of ethylmercaptan to acetone 
and the molar ratio of acetone to phenol in the first- 
and second-stage reactors were respectively in- 30 
creased as follows. 

Molar ratio of ethylmercaptan to acetone: 1/40 
Molar ratio of acetone to phenol: 1 .55/20 (Mo- 
lar ratio of total acetone to phenol: 1 .55/10) 

After the reaction conditions were changed as 35 
described above, it was confirmed that the phenol 
conversion rates of the first- and second-stage re- 
actors were increased to 5.7% and 10.5%, respec- 
tively. 

40 

[0033] Further, it was also confirmed that the selectiv- 
ity of bisphenol A was maintained in the range of 94.0 
to 94.5% for a period of from the beginning of the reac- 
tion up to the elapse of 6,800 hours. 

43 

EXAMPLE 2 

[0034] The same procedure as in EXAMPLE 1 was 
repeated except that 2,2-dimethyl thiazolidine was used 
instead of 2-mercapto ethyl amine, and three packed 50 
bed-type reactors were used instead of the two reactors 
such that acetone was passed through each of the ftrst- 
to third-stage reactors at a feed rate of 0.156 mole per 
hour (molar ratio of acetone to phenol: 1/30; molar ratio 
of total acetone to phenol: 1/10). The resultant reaction 55 
mixture was periodically analyzed with time to deter- 
mine a phenol conversion rate. 
[0035] It was confirmed that at the beginning of the 
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reaction, the phenol conversion rates of the first-, sec- 
ond- and third-stage reactors were 6.0%, 10.4% and 
14.2%, respectively. 

(1 ) After 900 hours, the phenol conversion rates of 
the first-, second- and third-stage reactors were de- 
creased to 4.3%, 9.4% and 1 3.9%, respectively. At 
this time, ethyimercaptan-containing acetone was 
supplied instead of acetone at the following molar 
ratio to the first-stage reactor, and further the molar 
ratio of acetone to phenol at each of the first- to 
third-stage reactors was increased as follows. 

Molar ratio of ethylmercaptan to acetone: 
1/1,100 

Molar ratios of acetone to phenol: 1.04/30 
(Molar ratio of total acetone to phenol: 1.04/10) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.9%, 10.6% and 
13.9%, respectively. 

(2) After 1 ,900 hours, the phenol conversion rates 
of the first-, second- and third-stage reactors were 
decreased to 4.1%, 9.1% and 13.5%, respectively. 
At this time, the molar ratio of ethylmercaptan to ac- 
etone fed to the first-stage reactor, and the molar 
ratio of acetone to phenol at each of the first- to 
third-stage reactors were respectively increased as 
follows. 

Molar ratio of ethylmercaptan to acetone: 

1/800 

Molar ratios of acetone to phenol: 1.15/30 
(Molar ratio of total acetone to phenol: 1.15/10) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.8%, 1 0.4% and 
14.2%, respectively. 

(3) After 3,000 hours, the phenol conversion rates 
of the first-, second- and third-stage reactors were 
decreased to 4.0%, 9.0% and 13.3%, respectively. 
At this time, the molar ratio of ethylmercaptan to ac- 
etone fed to the first-stage reactor, and the molar 
ratio of acetone to phenol at each of the first- to 
third-stage reactors were respectively Increased as 
follows. 

Molar ratio of ethylmercaptan to acetone: 

1/400 

Molar ratios of acetone to phenol: 1.26/30 
(Molar ratio of total acetone to phenol: 1.26/10) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.7%, 10.2% and 
14.1%, respectively. 

(4) After 4,200 hours, the phenol conversion rates 
of the first-, second- and third-stage reactors were 
decreased to 3.8%, 8.7% and 12.9%, respectively. 
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At this time, the molar ratio of ethylmercaptan to ac- 
etone fed to the first-stage reactor and the molar 
ratio of acetone to phenol at each of the first- to 
third-stage reactors were respectively increased as 
follows. 5 
Molar ratio of ethylmercaptan to acetone: 

1/200 

Molar ratios of acetone to phenol: 1.57/30 
(Molar ratio of total acetone to phenol: 1 .57/10) 

After the reaction conditions were changed as 10 
described above, it was confirmed that the phenoh 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.8%, 10.3% and 
14.3%, respectively. 

(5) After 5,500 hours, the phenol conversion rates 7 $ 
of the first-, second- and third-stage reactors were 
decreased to 3.3%, 7.8% and 12.2%, respectively. 

At this time, the molar ratio of ethylmercaptan to ac- 
etone fed to the First-stage reactor and the molar 
ratio of acetone to phenol at each of the first- to 20 
third-stage reactors, were respectively increased 
as follows. 

Molar ratio of ethylmercaptan to acetone: 

1/100 

Molar ratios of acetone to phenol: 1.84/30 25 
(Molar ratio of total acetone to phenol: 1 .84/10) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.6%, 10.1% and 30 
14.2%, respectively. 

(6) After 6,500 hours, the phenol conversion rates 
of the first-, second- and third-stage reactors were 
decreased to 2.9%, 7.1% and 11 .9%, respectively. 

At this time, the molar ratio of ethylmercaptan to ac- 35 
etone fed to the first-stage reactor and the molar 
ratio of acetone to phenol at each of the first- to 
third-stage reactors, were respectively increased 
as follows. 

Molar ratio of ethylmercaptan to acetone: 1 /40 <*o 
Molar ratios of acetone to phenol: 2.26/30 
(Molar ratio of total acetone to phenol: 256/1 0) 

After the reaction conditions were changed as 
described above, it was confirmed that the phenol 
conversion rates of the first-, second- and third- 
stage reactors were increased to 5.3%, 9.7% and 
14.1%, respectively. 



[0036] Further, it was also conf irmed that the selectiv- 
ity of bisphenol A was maintained in the range of 94.1 
to 94.5% for a period of from the beginning of the reac- 
tion up to the elapse of 6,500 hours. 

COMPARATIVE EXAMPLE 1 

[0037] The same procedure as in EXAMPLE 1 was 
repeated except that the two reactors having a height of 
561 mm as used in EXAMPLE 1 were replaced with one 



so 



55 



reactor having a height of 1 , 122 mm, and acetone was 

fed to the reactor at a feed rate of 0.468 mole per hour 

(molar ratio of acetone to phenol: 1/10). 

[0038] The resultant reaction mixture was periodically 

analyzed with time to determine a phenol conversion 

rate. 

[0039] It was confirmed that the phenol conversion 
rate at the beginning of the reaction was 10.6%. 

(1 ) After 800 hours, the phenol conversion rate was 
decreased to 9.2%. At this time, ethylmercaptan - 
containing acetone was fed to the reactor instead 
of acetone (molar ratio of ethylmercaptan to ace- 
tone: 1/500). After the reaction conditions were 
changed as described above, it was confirmed that 
the phenol conversion rate was 1 0.5%. 

(2) After 1,600 hours, the phenol conversion rate 
was decreased to 8.5%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/1 00. 
After the reaction conditions were changed as de- 
scribed above, it was confirmed that the phenol con- 
version rate was 105%. 

(3) After 2,200 hours, the phenol conversion rate 
was decreased to 7.8%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/50. 
After the reaction conditions were changed as de- 
scribed above, it was confirmed that the phenol con- 
version rate was 10.0%. 

(4) After 2,900 hours, the phenol conversion rate 
was decreased to 7.1%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/20. 
After the reaction conditions were changed as de- 
scribed above , it was confirm ed that the phenol con- 
version rate was 9.7%. 

(5) After 3,400 hours, the phenol conversion rate 
was decreased to 6.6%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/15. 
After the reaction conditions were changed as de- 
scribed above , it was confirmed that the phenol con- 
version rate was 9.1%. 

(6) After 4,100 hours, the phenol conversion rate 
was decreased to 5.1%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/10. 
After the reaction conditions were changed as de- 
scribed above, it was confirmed that the phenol con- 
version rate was 8.6%. 

(7) After 4,800 hours, the phenol conversion rate 
was decreased to 4.5%. At this time, the ethylmer- 
captan concentration was increased such that the 
molar ratio of ethylmercaptan to acetone was 1/7. 
After the reaction conditions were changed as de- 
scribed above, it was confirmed that the phenol con- 
version rate was 7.3%. 
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COMPARATIVE EXAMPLE 2 

[0040J The same procedure as in EXAMPLE 1 was 
repeated except that the two reactors each having a 
height of 561 mm as used in EXAMPLE 1 were replaced 
with two reactors each having a height of 1 ,1 22 mm, and 
acetone was fed to each reactor at a feed rate of 0.468 
mole per hour (molar ratio of acetone to phenol: 1/10). 
[0041] The resultant reaction mixture was periodically 
analyzed with time to determine a phenol conversion 
rale. 

[0042] It was confirmed that the phenol conversion 
rate at the beginning of the reaction was 10.6%. 

(1 ) After 800 hours, the phenol conversion rate was 
decreased to 9.2%. At this time, the acetone con- 
centration was increased such that the molar ratio 
of acetone to phenol was 1 .21/1 0. After the reaction 
conditions were changed as described above, it 
was confirmed that the phenol conversion rate was 
10.5%. 

(2) After 1 ,500 hours, the phenol conversion rate 
was decreased to 8.9%. At this time, the acetone 
concentration was increased such that the molar ra- 
tio of acetone to phenol was 1 .42/1 0. After the re- 
action conditions were changed as described 
above, it was confirmed that the phenol conversion 
rate was 10.6%. 

(3) After 2,200 hours, the phenol conversion rate 
was decreased to 8.1%. At this time, the acetone 
concentration was increased such that the molar ra- 
tio of acetone to phenol was 1 .63/1 0. After the re- 
action conditions were changed as described 
above, it was confirmed that the phenol conversion 
rate was 10.2%. 

(4) After 3,000 hours, the phenol conversion rate 
was decreased to 7.7%. At this time, the acetone 
concentration was increased such that the molar ra- 
tio of acetone to phenol was 1 .92/1 0. After the re- 
action conditions were changed as described 
above, It was confirmed that the phenol conversion 
rate was 9.9%. 

(5) After 3,500 hours, the phenol conversion rate 
was decreased to 7.0%. At this time, the acetone 
concentration was Increased such that the molar ra- 
tio of acetone to phenol was 2.22/10. After the re- 
action conditions were changed as described 
above, it was confirmed that the phenol conversion 
rate was 9.3%. 

(6) After 4,000 hours, the phenol conversion rate 
was decreased to 6.7%. At this time, the acetone 
concentration was increased such that the molar ra- 
tio of acetone to phenol was 2.56/1 0. After the re- 
action conditions were changed as described 
above, it was confirmed that the phenol conversion 
rate was 8.7%. 

[0043] From the above-mentioned EXAMPLES and 



COMPARATIVE EXAMPLES, it is recognized that the 
life of the catalyst used is considerably prolonged by us- 
ing such a multi-stage reaction apparatus comprising at 
least two individual reactors and by increasing the molar 
5 ratio of alkylmercaptan to acetone and the molar ratio 
of acetone to phenol as the phenol conversion rate is 
decreased. 

INDUSTRIAL APPLICABILITY 

10 

[0044] In accordance with the process of the present 
invention, the acid-type ion exchange resin partially 
modified with a sulfur-containing amine compound as 
catalyst, exhibits a prolonged life, and the yield of bi- 
15 sphenol A per unit quantity of the catalyst is increased. 



Claims 

20 1 , A process for producing bisphenol A by reacting ac- 
etone with phenol in the presence of an acid-type 
ion exchange resin partially modified with a sulfur- 
containing amine compound as catalyst and alkylm- 
ercaptan as co-catalyst, said process comprising: 

25 

conducting said reaction using a multi-stage re- 
action apparatus comprising at least two indi- 
vidual reactors connected in series to each oth- 
er, wherein the molar ratio of total atkytmer- 
30 cap tan to total acetone and the molar ratio of 

total acetone to phenol are increased as the 
conversion rate of the phenol is decreased. 

* 2. A process according to Claim 1, wherein whole 
35 amount of the phenol is fed into a first-stage reactor 
of the multi-stage reaction apparatus, and the ace* 
tone is fed in separate parts into the respective re- 
actors. 

40 3. A process according to Claim 1 , wherein the molar 
ratio of total acetone to phenol at an initial stage of 
the reaction is in the range of 1/9 to 1/11 . 

4. A process according to Claim 1 , wherein the molar 
45 ratio of total alkyl mercaptan to total acetone and 

the molar ratio of total acetone to phenol are In- 
creased when the phenol conversion rate meas- 
ured at an outlet of the last stage reactor of said 
multi-stage reaction apparatus is decreased to 90 
so to 99% of the initial conversion rate. 

5. A process according to Claim 1 , wherein the molar 
ratio of total alkyl mercaptan to total acetone is in- 
creased so as not to exceed 1/20. 

55 

6. A process according to Claim 1 , wherein the molar 
ratio of total acetone to phenol is increased so as 
not to exceed 1/3. 
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7. A process according to Claim 1 , wherein said sulfur- 
containing amine compound is selected from the 
group consisting of mercaptoalkyl amines and thia- 
zolidines. 

5 

8. A process according to Claim 1 . wherein said acid- 
type ion exchange resin is a sulfonic acid-type cat- 
ion exchange resin. 

9. A process according to Claim 1, wherein said 10 
alkylmercaptan is ethylmercaptan. 

10. A process according to Claim 1 , wherein the reac- 
tion is conducted at a temperature of 60 to 1 00°C. 

15 
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